The effectiveness of neoadjuvant chemotherapy (NACT) followed by concurrent chemoradiotherapy (CCRT) compared with CCRT alone in nasopharyngeal carcinoma (NPC) patients who presented with cervical nodal necrosis (CNN) is unknown. A total of 792 patients with stage T1-4N1-3M0 NPC and presented with CNN based on magnetic resonance imaging were retrospectively reviewed. Propensity score matching method was used to balance treatment arms for baseline characteristics. Eventually, 508 patients were propensity-matched on a 1:1 basis to create two groups (NACT + CCRT and CCRT groups). Survival rates were calculated by Kaplan-Meier method and differences were compared by using the log-rank test. The 5-year disease specific survival, disease-free survival and distant metastasisfree survival were significantly higher in NACT + CCRT group relative to the matched CCRT group (82.1% vs. 72.5%, P = 0.021; 70.3% vs. 54.1%, P < 0.001; 81.9% vs. 67.3%, P < 0.001, respectively). Although the rates of grade 3-4 leucopenia and mucositis were higher in NACT + CCRT group than CCRT group, compliance with the combined treatment was good and no significant difference was observed between two groups. NACT followed by CCRT was relatively safe and could achieve better survival than CCRT alone in NPC patients with CNN by reducing the risk of death, tumor progression and distant metastasis.
Scientific RepoRts | 7:42624 | DOI: 10.1038/srep42624 necrosis (CNN) 4 . CNN has previously been reported as a strong, independent negative prognostic factor for overall survival (OS), disease free survival (DFS) and distant metastasis-free survival (DMFS). CNN patients have previously been significantly associated with an approximately 12% reduction in 5-year OS, DFS and DMFS rates relative to non-CNN patients 4 . Furthermore, approximately 20% of CNN patients subsequently develop metastatic disease 4 . Given the poor prognosis, it is important to find effective strategies to improve the survival outcomes of this specific subgroup.
Concurrent chemoradiotherapy (CCRT) has been settled as a standard treatment and recommended as a category 2A option for locally advanced NPC 5 . The five-year OS rate under CCRT could be increased from 59% to 70% when compared to radiation (RT) alone 6, 7 . However, although adding neoadjuvant chemotherapy (NACT) is considered to have the potential to further reduce the risk of distant failure, especially in patients with extensive nodal disease, the value of NACT followed by CCRT remains controversial [8] [9] [10] [11] . Some studies have reported that NACT may significantly decrease the risk of distant metastasis in locally advanced NPC in addition to CCRT 8, 12, 13 , but others failed to show any survival benefit 14, 15 . Since the value of NACT in NPC patients with CNN has not been clearly demonstrated, we performed this retrospective study to evaluate the role of NACT followed by CCRT in this specific group of patients.
Results
Treatment outcomes. Median follow-up time for the 508 propensity score-matched patients was 50 months (range, 4.5-86 months). At last follow-up, 183 patients (36.0%, 183/508) had experienced treatment failure and 111 (21.9%, 111/508) had died. A total of 74 patients (14.6%, 74/508) developed loco-regional recurrence and 127 patients (25.0%, 127/508) developed distant metastases. The patterns of treatment failure were summarized in Table 1 . Fewer patients (n = 71) in NACT + CCRT group experienced treatment failure compared with CCRT group (n = 112), with a lower rate of distant metastases (19.3% vs. 30.7%, P = 0.004). But no difference was found in loco-regional recurrence rate (P = 0.530).
For the entire matched cohort, the 5-year DSS, DFS, RRFS and DMFS rates were 77.4%, 62.3%, 92.1% and 74.7%, respectively. The survival rates of 5-year DSS, DFS and DMFS were significantly higher in NACT + CCRT group relative to the CCRT group (82.1% vs. 72.5%, P = 0.021; 70.3% vs. 54.1%, P < 0.001; 81.9% vs. 67.3%, P < 0.001, respectively), Although no significant difference was observed in RRFS between two groups, there was an improvement tendency in regional control following NACT + CCRT compared with CCRT alone (94.3% vs. 89.6%, P = 0.054) (Fig. 1) .
Subgroup analysis. Subgroup analyses demonstrated that patients with different NACT regimen combinations (TPF, PF or TP) were associated with similar survival rates (Supplementary Figure 1) . No difference in DSS, DFS, DMFS was observed between different NACT cycles (≤ 2 cycles vs. > 2 cycles), with 5-year DSS, DFS and DMFS rates of 81.3% vs. 85.5% (P = 0.698), 71.0% vs. 68.0% (P = 0.698), 81.8% vs. 82.7% (P = 0.824), respectively. However, the 5-year RRFS was significantly higher in patients ≤ 2 cycles than those > 2 cycles (96.1% vs. 87.3%, P = 0.017). (Supplementary Figure 2) Univariate and Multivariate analysis. Univariate progression and distant metastasis compared with CCRT alone. The risk of distant metastasis could be reduced over 50% (HR = 0.49; 95% CI, 0.34-0.71) by addition of NACT to CCRT. T stage was an independent prognostic factor for DFS and DMFS (P = 0.013 and P = 0.003, respectively). Gender (male) was an independent negative prognostic factor for DSS, DFS and DMFS (P = 0.01, 0.028 and 0.008, respectively). Age > 44years was an independent negative prognostic factor for DSS (P = 0.037) ( Table 2 ).
Acute toxicities.
No grade 5 acute toxicity events (i.e. death) were observed in the matched sample during treatment. The rate of severe acute toxicities (grade 3-4) was higher in NACT + CCRT group relative to the CCRT group, however this difference was not statistically significant. A total of 110 patients (43.3%, 110/254) Table 2 . Multivariate analysis of variables correlated with various clinical endpoints in the propensitymatched cohort of 508 patients. NACT = neoadjuvant chemotherapy, CCRT = concurrent chemoradiotherapy, DSS = disease-specific survival, DFS = disease-free survival, RRFS = regional recurrence-free survival, DMFS = distant metastasis-free survival. † Hazard ratios and *P values were calculated using the Cox proportional hazards model. in the NACT + CCRT group and 91 (35.8%, 91/254) in the CCRT group experienced grade 3-4 acute treatment related adverse events (P = 0.102). The most common grade 3-4 hematological toxicity was leucopenia in 19.7% patients (n = 50) in the NACT + CCRT group and 13.4% patients (n = 34) in the CCRT group (P = 0.073). Grade 3-4 thrombocytopenia was found in 13 patients (5.1%, 13/254) and 7 patients (2.8%,7/254) in the NACT + CCRT group and CCRT group, respectively (P = 0.254). The most frequently recorded grade 3-4 non-hematological acute treatment related adverse events were mucositis, with 28.3% patients (n = 72) in the NACT + CCRT group and 20.9% patients (n = 53) in the CCRT group (P = 0.064). (Table 3 )
Discussion
To the best of our knowledge, this is the first study to explore the use of NACT followed by CCRT in the treatment of NPC patients diagnosed with CNN. We demonstrated that NACT followed by CCRT could improve DSS, DFS and DMFS in this particular group of patients, when compared with CCRT alone. After adjustment with other clinical factors in multivariate analysis, NACT + CCRT remained associated with a significant reduction in the rate of death, progress and distant metastasis. These results might give us some directions to select proper patients who might benefit most from the combination of NACT and CCRT, and help guide us to use NACT more effectively.
With the extensive adoption of CCRT as well as the emergence of highly precise RT techniques such as IMRT, the local-regional control rate in NPC has been considerably improved, with distant metastasis taking over as the predominant mode of treatment failure [16] [17] [18] [19] . Therefore, NACT gradually came to our attention, due to its potential of reduction in both local and distant failures, although no significant improvement in overall survival attributable to NACT has previously been observed 20, 21 . Our study demonstrated that NACT could significantly improve the survival of the specific group of patients with CNN. It was consistent with several studies which showed that NACT could significantly reduce the hazard of progression and distant failure in locally advanced NPC followed by CCRT 8, 12, 13, 22 . Song et al 12 .
reported that NACT + CCRT performed significant treatment effect in progressive free survival (HR = 0.66, 95% CI 0.49-0.90) and distant metastasis failure-free survival (HR = 0.60, 95% CI 0.39-0.98), when comparing with CCRT alone.
However, other studies failed to show any survival benefit from adding NACT to CCRT 14, 15 . Because of the discordance of results received in different retrospective and clinical trials, the role of adding NACT to CCRT remains controversial [8] [9] [10] [11] . The 2015 NCCN Guidelines ® only recommends it as a category 3 option for patients with NPC with T1,N1-3 or T2-4, any N lesions 5 . One possible explanation for the failure of NACT to improve survival in previous studies was that NACT might only be of benefit in certain high-risk group of patients with high potential for metastasis, but not all general advanced stage III-IV candidates enrolled in clinical trials. The predominant advantage of NACT was that it might be helpful eradicating the distant micro-metastases existing before radiation, not the new distant metastases emerged after treatment 23 . So the patients who might benefit most from NACT would be those who most likely had distant micro-metastases before radiation, such as patients with CNN in our study, but not all general stage III-IV patients 9 . The incidence of CNN in NPC patients with positive regional node metastases was as high as 44%. For this large number of patients who experienced poor DMFS 4 , appropriate treatment should be warranted. Subgroup analyses showed that cisplatin-based NACT were generally tolerable, and no difference in survival was observed between different regimens, which were consistent with previous studies 24, 25 . Over 90% of patients (n = 229) received two or more cycles of NACT, and no significant difference in the treatment efficacy between different cycles of chemotherapy was reported, with the exception of an improvement in RRFS using NACT ≤ 2 cycles. However, the small number of patients receiving > 2 cycles of NACT (n = 51) suggests that these findings would require confirmation with larger studies. Similar to other studies, acute toxicities were acceptable 8, 9 . Although the rates of severe acute adverse events were higher in NACT + CCRT group, particularly with regards to leucopenia and mucositis, most of these toxicities were reversible.
A limitation of this study is the retrospective nature and single institute design. Although the propensity score match was used to eliminate personal bias between two groups, the results from larger, prospective randomized trials are required. Moreover, with the relatively short follow-up time (median, 50 months) and lack of complete late toxicity data, a long-term investigation was necessary.
In conclusion, NACT followed by CCRT could achieve better survival compared with CCRT alone in NPC patients diagnosed with CNN by reducing the risk of death, tumor progression and distant metastasis. Randomized trials are needed to further validate the value of NACT in this specific group of patients.
Methods
Patients. A total of 792 consecutive patients in previous study with newly histological-proven T1-4N1-3M0 NPC diagnosed with CNN based on MRI between January 2007 and December 2009 were enrolled in this study 4 . All patients were treated by definitive RT ± chemotherapy according to our institutional protocol. Restaging was performed according to the American Joint Committee on Cancer (AJCC) 2010 staging system 26 . The study was approved by the Research Ethics Committee of Sun Yat-sen University Cancer Center. All the methods were carried out in accordance with approved guidelines of our institute. Written informed consent was obtained from all patients prior to therapy.
Inclusion criteria included: (1) consecutive patients between January 2007 and December 2009 with a pathological diagnosis of nasopharyngeal squamous cell carcinoma; (2) complete MR images of the nasopharynx and neck; (3) all patients were diagnosed with cervical nodal necrosis based on MRI; (4)all patients were treated with concurrent chemoradiotherapy. Exclusion criteria included: 1) patients without complete MR images of the nasopharynx and neck; (2) patients without cervical nodal metastasis; (3) patients with at least one distant metastasis; (4) patients who did not have concurrent chemotherapy or had not completed radiation therapy. A total of 209 patients who did not receive CCRT were excluded from our study (147 patients received NACT + RT, 62 patients received RT alone). Table 4 . Baseline characteristics of NPC patients diagnosed with CNN and treated with CCRT. NPC = nasopharyngeal carcinoma, CNN = cervical nodal necrosis, NACT = neoadjuvant chemotherapy, CCRT = concurrent chemoradiotherapy, RT = radiation therapy, IMRT = intensity modulated radiation therapy, 2DRT = conventional radiation therapy, 3D-CRT = three-dimensional conformal radiation therapy. P values were calculated using the χ 2 test (or Fisher's exact test, if the expected number was less than five in at least 25% of the cells).
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Of the 583 patients treated with CCRT, 262 were treated with NACT followed by CCRT while the remaining 321 patients received CCRT alone. The baseline characteristics of the patients were not balanced in two groups prior to matching. Patients in the NACT + CCRT group had more advanced T stage (T4), N stage (N3) and clinical stage (stage IV) disease relative to the unmatched CCRT arm (all P < 0.05). Demographic and clinical variables used to derive the propensity score model included age, gender, histological type, T stage, N stage, clinical stage and RT technique. Eventually, 508 patients were matched on the propensity score to create two groups each containing 254 patients. The characteristics of the patients were well-balanced between the propensity-matched groups (Table 4) .
Work-up.
Pretreatment evaluation consisted of a complete physical examination, hematologic and biochemistry profiles, MRI scans of the nasopharynx and neck, chest radiography or computed tomography (CT), abdominal sonography, and emission computed tomography (ECT) or whole-body positron emission tomography/CT. Nasopharynx and cervical MR images were available for all patients and were used to assess lymph nodes status. The imaging protocol and the criteria for diagnosis of CNN have been reported in detail in previous study 4 . The criteria for diagnosis of CNN on MRI were a focal area of high signal intensity on T2WI images or a focal area of low signal intensity on T1WI + C images with or without a surrounding rim of enhancement. (Fig. 2) .
Treatment. All patients were treated with definitive RT covering the nasopharynx and retropharyngeal lymph nodes within the primary target. Whole-neck irradiation was performed in all cases. Over half of the patients (264/508; 52.0%) were treated by conventional techniques, 45.7% (232/508) by intensity modulated radiation therapy (IMRT), and 2.3% (12/508) by three-dimensional conformal radiation therapy (3D-CRT). The details of the RT techniques used at our institute have been reported previously 16, 27 . The NACT regimens included PF (75-80 mg/m 2 cisplatin on day 1 and 800 mg/m 2 /d fluorouracil civ on days 1-5), TPF (70-75 mg/m 2 docetaxel on day 1, 70-75 mg/m2 cisplatin on day 1 and 650-700 mg/m2/d fluorouracil civ on days 1-5) or TP (75 mg/m 2 docetaxel on day 1 and 75 mg/m 2 cisplatin on day 1); the regimens were repeated every 3 weeks. PF, TPF, TP were administered in 132, 53 and 69 patients, respectively. Two-hundred and three patients received 2 cycles NACT and only 51 patients received over 3 cycles. The CCRT regimen was 80-100 mg/m2 cisplatin repeated every 3 weeks or 40 mg/m 2 weekly. Patients receiving other chemotherapy regimens were excluded from this study.
Follow-up. Follow-up was calculated from the day of diagnosis to the date of the event or last follow-up visit.
All patients were followed-up every 3 months for the first 3 years, every 6 months for the next 2 years, and then annually. Toxicity was assessed according to the Radiation Therapy Oncology Group criteria 28 or the Common Terminology Criteria for Adverse Events [CTCAE] v3.0 29 . Disease-specific survival (DSS) was calculated from the day of diagnosis to death caused by cancer at the date of last follow-up; disease-free survival (DFS) was calculated from the day of diagnosis to loco-regional relapse, distant relapse or tumor-related death; regional recurrence-free survival (RRFS) was calculated from the day of diagnosis to regional relapse; distant metastasisfree survival (DMFS) was calculated from the day of diagnosis to first observation of distant lesion(s).
Statistical analysis.
A propensity score matching method 30 was performed to match the patients from the NACT + CCRT group to comparable patients in the CCRT group on a 1:1 basis. Propensity scores were calculated by logistic regression for patients based on the listing covariates: age, gender, histological type, T stage, N stage, clinical stage and RT techniques. Covariates balance between groups was examined by chi-square test or fisher exact test (categorical variable) as appropriate. Survival rates were calculated using the Kaplan-Meier method and differences were compared by using the log-rank test. A multivariate Cox proportional hazards model was used to calculate hazard ratios (HR), 95% confidence intervals (CI) and test the independent significance of different factors by backward elimination of insignificant factors. A two-tailed P-value less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS v 22.0 (Chicago, IL, USA) and STATA version14.0.
